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Abstract 
The direct and indirect effects that human actions have on top-predators are of major 
importance to ecosystems and the people that study them. Top-predators may shape 
terrestrial ecosystems through trophic cascade effects, and because humans can 
influence top-predators, predator management actions (such as restoration or extirpation) 
may have unexpected and sometimes negative effects on ecosystems. This hypothesis 
had led to a common view that top-predator conservation is essential for ecosystem 
resilience, and that the lethal control of top-predators produces cascading detrimental 
outcomes for biodiversity. However, evidence for the ecological roles of top-predators is 
disputed and highly context-specific, much of what is known about top-predator function is 
derived from a few unique observational case studies, and the effects of temporary 
suppression of common top-predators has received little attention.  
In this thesis, I present a logical progression of publications that interrogate and provide 
evidence about the effects of contemporary lethal control programs on the ecological roles 
of Australia’s iconic top-predator, the dingo (Canis lupus dingo and hybrids). Lethal dingo 
control is commonly practiced across Australia to protect livestock and some threatened 
fauna from dingo predation and is typically characterised by the broad-scale distribution of 
poisoned meat or manufactured baits. According to prevailing ecological theory, dingoes 
are expected to suppress mesopredators, and mesopredators are expected to suppress 
smaller prey species, which are often rare and/or threatened. Thus, dingo control, which is 
expected to suppress dingoes, is also expected to produce indirect negative 
consequences for smaller prey species through trophic cascade effects, including 
mesopredator release. Firstly, I examine the reliability of available data on dingoes’ 
ecological roles and the effects of lethal control on those roles in a comprehensive and 
systematic series of quantitative and qualitative critical reviews. Secondly, I report a series 
of large-scale manipulative experiments undertaken to investigate the functional effects of 
baiting on dingo populations and the numerical effects of baiting on dingoes and other 
fauna across Australia’s beef-cattle rangelands.  
I demonstrate that the available literature is characterised by speculative reviews built on 
snap-shot or correlative studies of low inferential value, which are often confounded by a 
range of factors that render their results unreliable. For example, 38 of the 40 field studies 
assessed in Chapter 6 contain various methodological flaws (e.g. invalid seasonal 
comparisons), sampling bias (e.g. very small spatial and/or temporal scales) and 
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experimental design constraints (e.g. correlative data only). Such studies have very 
restricted inferential power and provide few data suitable for assessing lethal dingo control 
as a cause of trophic cascades. Moreover, the results of my experiments provide 
compelling, demonstrable evidence that contemporary dingo control practices do not 
release mesopredators or initiate trophic cascades (Chapter 11 and Chapter 12), which is 
consistent with the results of all other manipulative experiments addressing this issue. For 
example, prey populations were almost always in similar or greater abundances in dingo-
baited areas, short-term prey responses to baiting were seldom apparent, and longer-term 
prey population trends fluctuated independently of baiting for every prey species at all nine 
sites assessed (Chapter 12). In essence, this thesis provides evidence of absence for 
dingo control-induced trophic cascades and demonstrates an absence of reliable evidence 
to the contrary.  
Future studies should seek to (1) further quantify the effects of baiting on calf production, 
(2) identify thresholds of dingo suppression, beyond which, dingoes are no longer able to 
perform their ecological roles, (3) better understand the net effects of contemporary dingo 
control on both calf production and threatened fauna populations, and (4) define and reach 
consensus on dingo conservation and management goals. Making progress on these 
issues will be incredibly challenging in the current eco-political and economic climate, but 
the future of livestock production, dingoes and many threatened fauna may depend on it.  
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Chapter 1 – General introduction 
This thesis is about exploring evidence for the effects of humans on the ecological 
roles of an iconic top-predator, the dingo (Canis lupus dingo and hybrids). 
Charismatic top-predators, or apex predators, are some of the most fascinating and 
important animals on earth. Ursids and felids (such as brown bears Ursus arctos, 
lions Panthera leo or tigers Panthera tigris) are typically the largest terrestrial 
predators on most continents. In some places, other smaller taxa occupy these 
trophic positions, such as grey wolves (Canis lupus) or coyotes (Canis latrans) in 
North America, or dingoes in Australia. Top-predators can often play important roles 
structuring food webs through their consumptive (e.g. predation) and non-
consumptive (e.g. fear) effects on other predator and prey species (Estes et al. 2013; 
Ripple et al. 2014). Whether or not these roles are considered good or bad depend 
on the context. The extirpation or restoration of top-predators can also have 
profound effects on ecosystems (Crooks and Soulé 1999; Hayward and Somers 
2009; Eisenberg et al. 2013). As such, there is great interest in the cascading effects 
that humans can have on the abundance and function of top-predators (Treves and 
Karanth 2003; Linnell 2011; Allen et al. 2012).  
A trophic cascade is an ecological chain reaction, whereby changes in the 
abundance or function of one (usually larger) species can alter the abundance or 
function of others (Hairston et al. 1960). Trophic cascades can flow both ways, from 
the bottom up and from the top down. However, recent interest has focussed on the 
latter, and is typified by the mesopredator release hypothesis (sensu Crooks and 
Soulé 1999). This hypothesis has been identified by some as one of the most 
influential developments in the history of biodiversity conservation (Bradshaw et al. 
2011). The mesopredator release hypothesis predicts that as top-predator 
abundance is reduced, middle-order predators or mesopredators will increase, and 
ultimately lead to reductions in smaller prey species, which are often threatened 
species. Thus, according to the hypothesis, top-predator removal by humans will 
result in the further decline of threatened species. But ecological systems are rarely 
this simple; a ‘food web’ perspective is often much more helpful in conceptualising 
species interactions than a simple ‘food chain’ perspective. Broadly viewed, every 
organism directly and indirectly affects every other organism to some degree, just 
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like tension on every strand in a spider web affects the tension of every other strand. 
But ecologists typically concern themselves with species interactions that have the 
strongest or most profound effects on food webs (Soulé et al. 2005). The 
relationships between top-predators, mesopredators and herbivores, and smaller 
prey species are often some of the strongest or most easily observed interactions. 
Humans are also a strongly interactive species, perhaps the strongest, and their 
effects on food webs are of growing international concern (Ray et al. 2005; Ripple et 
al. 2014). 
According to trophic cascade theory, the lethal control of dingoes by humans is 
predicted to reduce dingo populations or alter their ecological function in ways which 
facilitate increases of foxes (Vulpes vulpes) and/or feral cats (Felis catus), Australia’s 
two most pervasive introduced mesopredators (Johnson 2006). Increases in 
mesopredator abundance will likely reduce the abundance of many smaller prey 
species, many of which are already threatened by a range of factors, including 
predation. In an Australian context, the mesopredator release hypothesis might 
therefore be expressed as the following conceptual formulas (from Allen et al. 2012): 
More dingoes = less foxes and cats = more threatened species and greater 
biodiversity 
or 
Contemporary dingo control = less dingoes = more foxes and cats = less 
threatened species and reduced biodiversity. 
In this thesis, I critically examine the available evidence for these processes and 
experimentally test aspects of these formulas that relate to the effects of dingo 
control on predators and prey. This thesis synthesises a logical sequence of related 
publications (Fig. 1), and is divided into two main parts. Section 1 (Chapters 2–9) 
provides a comprehensive and systematic critical review of the available literature, 
and Section 2 (Chapters 10–15) provides results of a series of field experiments 
investigating dingo control-induced mesopredator release (DC-IMR) and dingo 
control-induced trophic cascades (DC-ITC) more generally. Chapter 16 provides a 
synthesis of general conclusions, implications and future directions for the study of 
dingoes’ ecological roles. 
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Absence of evidence for dingo 
control-induced trophic cascades 
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Chapter 2 – Introduction to Section 1 
There is a great deal of literature on the ecological roles of top-predators, including sharks, 
bears and big cats (Ray et al. 2005). Perhaps the most comprehensively studied terrestrial 
top-predator is the grey wolf in North America, where their ecological roles are perhaps 
better understood than any other predator (Ripple et al. 2014). The familiar ‘Yellowstone 
model’ proposes that top-down forcing by wolves structures the entire ecosystem through 
their consumptive and non-consumptive effects on mesopredators (e.g. coyotes) and large 
prey (e.g. ungulates), with wolf-induced changes in their populations rippling through the 
entire food web (Ripple and Beschta 2012; Eisenberg et al. 2013). But despite the 
prevalence and popularity of this view, there is a large and growing body of evidence that 
wolves may not be responsible for the ecological changes often attributed to them (Mech 
2012; Middleton et al. 2013; Marshall et al. 2014; see also commentaries by Marris 2014; 
Middleton 2014). At the very least, the ecological effects of wolves are not universal across 
environmental contexts (e.g. Kauffman et al. 2010; Mech and Fieberg 2014). Hence, 
critical reviews of this literature have revealed multiple plausible alternative interpretations 
of the available data, and manipulative experiments have failed to reproduce the 
predictions derived from modelling and other correlative studies. Much fewer data are 
available on the ecological roles of dingoes in Australia (Ripple et al. 2014), although their 
roles have been predicted by some to be equivalent to wolves (e.g. Johnson 2006; 
Wallach et al. 2009; Purcell 2010; Ripple et al. 2014). Given the conflicting information on 
wolves and the lack of knowledge on top-predators’ roles more generally, a proper 
evaluation of the ecological effects of dingoes and dingo control requires more than just 
another superficial review of the available literature.  
There have been at least 22 literature reviews and extended opinion pieces discussing 
dingoes’ ecological roles published since September 2004 (at a rate of 2.2 published 
reviews per year; Allen et al. 2014). However, almost all of these might be characterised 
as reviews of conclusions and/or interpretations, not critical reviews of methods or the 
reliability of the actual results or data underpinning the stated conclusions and 
interpretations. This lack of objective and critical evaluation of the literature is a ‘creeping 
crack of bias’ that can potentially lead science and management down erroneous paths 
(Sarewitz 2012). A comprehensive and systematic critical review of the literature was 
therefore necessary to distinguish what we think we know from what we really know about 
dingoes’ ecological roles, and the effect of contemporary lethal dingo control on those 
roles (Allen et al. 2013). 
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The first step in this process was to evaluate and test some of the critical assumptions 
underpinning foundational works on the subject, in order to see if a more detailed literature 
review was warranted. The desktop study of Johnson et al. (2007) is widely cited as one of 
the primary pieces of research describing the continent-wide effects of DC-ITC, and the 
empirical study of Wallach et al. (2009) is likewise popularised as a study showing how the 
disturbance of intact dingo packs leads to undesirable outcomes for species at lower 
trophic levels. Assumptions fundamental to the interpretations of these studies are 
explored in Chapters 3 and 4, which describe the history of livestock grazing across 
Australia (Allen 2011) and test the assumption that dingo scat collection rates are constant 
over time (Allen 2012). 
The next step in this review process was to source primary studies on dingoes’ ecological 
roles and critically explore the reliability of the stated predator population sampling 
methodologies used, which is done in Chapter 5 (Allen et al. 2011). Next, in Chapter 6, I 
explore additional issues of scale and experimental design, and how these influence the 
inferential capacity of the literature (Allen et al. 2013). In accord with the approach taken in 
previous reviews, the literature on dingo-cat interactions was then further explored in more 
detail in Chapter 7 (Allen et al. 2015), but without consideration of the extant 
methodological constraints and weaknesses that I identify in Chapters 5 and 6. In Chapter 
8 I critically evaluate three important case studies that appeared to contradict the 
outcomes of these previous chapters, after obtaining and re-analysing original data 
requisite for their proper evaluation (Allen et al. 2014). Together, Section 1 provides a 
comprehensive and systematic critical review of the literature on DC-ITC and provides 
background and a methodological framework for the experiments described in Section 2.
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Chapter 3 
Allen BL (2011). A comment on the distribution of historical and contemporary livestock 
grazing across Australia: implications for using dingoes for biodiversity conservation. 
Ecological Management and Restoration 12, pp. 26–30. 
Understanding the causes of faunal declines is important for preserving Australia’s 
threatened fauna. Both predation and livestock grazing have been investigated as 
potential causes of declines, but some studies struggle to account for historical grazing 
impacts due to the lack of historical information on livestock distribution and grazing 
intensity. This article summarises some trends in the extent of historical and contemporary 
livestock grazing on mainland Australia. The cumulative effects of historical livestock 
grazing are discussed in the light of studies investigating the influences of predation and 
livestock grazing on faunal declines. 
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Chapter 4 
Allen BL (2012). Scat happens: spatiotemporal fluctuation in dingo scat collection rates. 
Australian Journal of Zoology 60, pp. 137–140. 
The number of dingo (Canis lupus dingo and hybrids) scats collected from an area has 
been used as a measure of pack stability in order to make inferences about dingo pack 
structures and function. In doing so, some studies sampling different sites at different 
times/seasons have been forced to assume that scat collection rates vary little throughout 
the year in order to attribute observed site/treatment differences to the effect of 
interventions (e.g. lethal control), rather than natural spatiotemporal variation in scat 
densities. In this study, 4112 dingo scats systematically collected from adjacent dingo 
baited and unbaited areas at three arid-zone sites on a regular basis over 2–4 years are 
used to test this assumption. Scat collection rates varied between treatments, sites and 
surveys, with substantial differences occurring within a few weeks or months. Similar 
temporal trends between treatments at each site demonstrated that scat collection rates 
fluctuated independently of dingo control. It was concluded that observations of different 
scat collection rates between different sites sampled at different times may simply reflect 
normal spatiotemporal variability in scat densities, which may not reflect absolute dingo 
abundance. 
 
  
 
14 
 
15 
 
16 
 
17 
 
 
 18 
 
Chapter 5 
Allen BL, Engeman RM, Allen LR (2011). Wild dogma I: An examination of recent 
“evidence” for dingo regulation of invasive mesopredator release in Australia. Current 
Zoology 57, pp. 568–583. 
 
There is growing interest in the role that apex predators play in shaping terrestrial 
ecosystems and maintaining trophic cascades. In line with the mesopredator release 
hypothesis, Australian dingoes (Canis lupus dingo and hybrids) are assumed by many to 
regulate the abundance of invasive mesopredators, such as red foxes Vulpes vulpes and 
feral cats Felis catus, thereby providing indirect benefits to various threatened vertebrates. 
Several recent papers have claimed to provide evidence for the biodiversity benefits of 
dingoes in this way. Nevertheless, in this paper we highlight several critical weaknesses in 
the methodological approaches used in many of these reports, including lack of 
consideration for seasonal and habitat differences in activity, the complication of simple 
track-based indices by incorporating difficult-to-meet assumptions, and a reduction in 
sensitivity for assessing populations by using binary measures rather than potentially 
continuous measures. Of the 20 studies reviewed, 15 of them (75%) contained serious 
methodological flaws, which may partly explain the inconclusive nature of the literature 
investigating interactions between invasive Australian predators. We therefore assert that 
most of the “growing body of evidence” for mesopredator release is merely an inconclusive 
growing body of literature only. We encourage those interested in studying the ecological 
roles of dingoes relative to invasive mesopredators and native prey species to account for 
the factors we identify, and caution the value of studies that have not done so. 
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Chapter 6 
Allen BL, Fleming PJS, Allen LR, Engeman RM, Ballard G, Leung LK-P (2013). As clear 
as mud: a critical review of evidence for the ecological roles of Australian dingoes. 
Biological Conservation 159, pp. 158–174. 
Top-predators have been reported to have an important role in structuring food webs and 
maintaining ecological processes for the benefit of biodiversity at lower trophic levels. This 
is thought to be achieved through their suppressive effects on sympatric mesopredators 
and prey. Great scientific and public interest surrounds the potential use of top-predators 
as biodiversity conservation tools, and it can often be difficult to separate what we think we 
know and what we really know about their ecological utility. Not all the claims made about 
the ecological roles of top-predators can be substantiated by current evidence. We review 
the methodology underpinning empirical data on the ecological roles of Australian dingoes 
(Canis lupus dingo and hybrids) to provide a comprehensive and objective benchmark for 
knowledge of the ecological roles of Australia’s largest terrestrial predator. From a wide 
variety of methodological flaws, sampling bias, and experimental design constraints 
inherent to 38 of the 40 field studies we assessed, we demonstrate that there is presently 
unreliable and inconclusive evidence for dingoes’ role as a biodiversity regulator. We also 
discuss the widespread (both taxonomically and geographically) and direct negative 
effects of dingoes to native fauna, and the few robust studies investigating their positive 
roles. In light of the highly variable and context-specific impacts of dingoes on faunal 
biodiversity and the inconclusive state of the literature, we strongly caution against the 
positive management of dingoes in the absence of a supporting evidence-base for such 
action. 
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Chapter 7 
Allen BL, Allen LR, Leung LK-P (2015) Interactions between two naturalised invasive 
predators in Australia: are feral cats suppressed by dingoes? Biological Invasions 17, 
pp. 761–776. 
Top-predators can play important roles in terrestrial food webs, fuelling speculation that 
top-predators might be used as biocontrol tools against invasive mesopredators. Feral cats 
are believed to be largely responsible for the current declines of native fauna across 
tropical northern Australia, where substantial beef cattle production occurs. Dingoes are 
known to impact cattle production there and are predicted to impact native fauna also. 
However, dingoes are forecasted to curtail the impacts of cats and reverse native fauna 
declines. We review (1) empirical studies investigating the relationships between dingoes 
and cats, and dingo control and cats, (2) records of cat remains in dingo diets, and (3) 
historical records of lethal dingo control using 1080-poisoned baits across Australia 
between 1999 and 2008 to show how two naturalised invasive species can interact in 
dynamic agro-ecological landscapes. From the 35 studies assessed, most reported no 
detectable relationship between dingoes and cats; negative or positive relationships were 
seldom detected. Dingoes do not appear to exclude cats beyond fine scales, but may alter 
cat activity periods under certain conditions. Cat remains were found in only 0.63 % of 
over 31,000 dingo diet records. Lethal dingo control occurs (in varying degrees) across 
about two-thirds of Australia and does not appear to substantially influence dingo-cat 
relationships. We conclude that the presently available data provides little evidence that 
bolstering dingo populations will reduce the impacts of cats. Much more work is needed to 
identify situations where top-predators might be used as effective biocontrol tools against 
invasive mesopredators in agro-ecological systems. 
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Chapter 8 
Allen BL, Lundie-Jenkins G, Burrows ND, Engeman RM, Fleming PJS, Leung LK-P (2014) 
Does lethal control of top-predators release mesopredators? A re-evaluation of three 
Australian case studies. Ecological Management & Restoration 15, pp. 191–195. 
Top-predators can sometimes be important for structuring fauna assemblages in terrestrial 
ecosystems. Through a complex trophic cascade, the lethal control of top-predators has 
been predicted to elicit positive population responses from mesopredators that may in turn 
increase predation pressure on prey species of concern. In support of this hypothesis, 
many relevant research papers, opinion pieces and literature reviews identify three 
particular case studies as supporting evidence for top-predator control-induced release of 
mesopredators in Australia. However, many fundamental details essential for supporting 
this hypothesis are missing from these case studies, which were each designed to 
investigate alternative aims. Here, we re-evaluate the strength of evidence for top-predator 
control-induced mesopredator release from these three studies after comprehensive 
analyses of associated unpublished correlative and experimental data. Circumstantial 
evidence alluded to mesopredator releases of either the European Red Fox (Vulpes 
vulpes) or feral Cat (Felis catus) coinciding with Dingo (Canis lupus dingo) control in each 
case. Importantly, however, substantial limitations in predator population sampling 
techniques and/or experimental designs preclude strong assertions about the effect of 
lethal control on mesopredator populations from these studies. In all cases, multiple 
confounding factors and plausible alternative explanations for observed changes in 
predator populations exist. In accord with several critical reviews and a growing body of 
demonstrated experimental evidence on the subject, we conclude that there is an absence 
of reliable evidence for top-predator control-induced mesopredator release from these 
three case studies. Well-designed and executed studies are critical for investigating 
potential top-predator control-induced mesopredator release. 
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Chapter 9 – Summary of Section 1 
Section 1 presented a series of chapters interrogating existing evidence for DC-ITC. Many 
empirical studies reported finding evidence of DC-ITC, and many superficial literature 
reviews of these studies therefore concluded that these processes occurred and were 
widespread (Allen et al. 2014c). However, no serious critical reviews had previously been 
undertaken, and a growing body of evidence from wolves in the northern hemisphere 
indicated that these processes may not be as universal as previously supposed. This 
raised the possibility that contemporary ‘knowledge’ about DC-ITC may be unreliable and 
contemporary dingo control practices might not cause trophic cascades after all.  
This systematic critical review of the literature was therefore necessary for two reasons. 
First, it was important to ascertain what was and was not actually known about DC-ITC in 
order to formulate study questions worthy of further investigation. Second, it was also 
important to identify the methodological and study design issues that weakened the 
interpretation of existing published studies in order to develop and implement alternative 
methods and designs that could reliably identify DC-ITC if they are occurring.  
After identifying some invalid assumptions and important oversights in some early studies 
(Allen 2010, 2012), the first of the major critical review chapters (Chapter 5) focussed on 
the stated methodologies used to sample predator populations, and found that the results 
reported in most studies were unreliable due to frequent confounding by seasonal- and 
habitat-related factors (Allen et al. 2011a). As expected, the publication of this review was 
met with defensive works arguing that (1) although the quantitative relationships may be 
unreliable, the qualitative integrity of the literature was robust, and (2) there remained 
some apt examples of DC-ITC that were not discounted by this critical review (Letnic et al. 
2011a; Glen 2012; but see also Allen et al. 2011b). The second major critical review 
(Chapter 6) focussed on issues of scale (both temporal and spatial) and the actual 
experimental designs used in studies addressing DC-ITC, and found that the study 
designs themselves seldom permitted conclusive inferences about causal factors 
responsible for their observations (Allen et al. 2013b). In other words, additional issues 
associated with scale and experimental design meant that the existing literature could 
provide no strong evidence for the presence of DC-ITC regardless of the disputed 
weaknesses of the predator sampling methodologies. That observational or correlative 
study designs cannot provide conclusive data on cause or effect is indisputable (e.g. Platt 
1964; Kershaw 1969; Caughley 1980; Underwood 1997; Hone 2007; Krebs 2008). The 
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third of these major critical literature reviews (Chapter 7) then ignored study designs and 
sampling methodologies altogether, and instead focussed on the stated results of the 
studies assessed. Evaluating evidence of the interactions between dingoes, dingo control 
and feral cats as an example, this critical review showed that there were mixed, but typical 
neutral or no relationships between dingoes and feral cats suggestive of DC-ITC, in 
contrast to how this literature may have been interpreted by others (Allen et al. 2015). 
Despite the obvious absence of reliable evidence for DC-ITC at this point, there remained 
three case studies still regularly cited in support of the claim that DC-ITC do actually occur.  
Evaluation of these three case studies required more than a simple assessment of their 
stated methods and results given that the original studies were never designed to 
investigate DC-ITC and did not provide all the details necessary for a proper evaluation of 
this issue (Allen et al. 2014c). Thus, with assistance of the original authors, I acquired their 
original data and a more complete description of the methodologies used in the original 
field studies. Quantitative re-evaluation of these data (Chapter 8) then showed that reliable 
inferences about DC-ITC could not be extracted from these case studies either, for the 
same reasons identified in the previous critical reviews in Chapters 5, 6 and 7; although 
there was some indication that DC-ITC may have occurred, methodological weaknesses 
and plausible alternative explanations likewise affected each of these three case studies 
(Allen et al. 2014c).  
Collectively, this comprehensive and systematic approach to a critical review of the 
literature demonstrated that systemic confounding in the predator sampling methodologies 
weakened the case for the occurrence of DC-ITC; but even if this was ignored, limitations 
to the study designs further weakened the case for DC-ITC; but even if this was also 
ignored, there were mixed and typically neutral or no detectable relationships suggestive 
of DC-ITC, at least between dingoes and feral cats; and the data from the three best 
‘exceptions to the rule’ did not contradict this view.   
Section 1 therefore demonstrated that little reliable evidence was available on DC-ITC, 
and that larger-scale and longer-term manipulative experiments were required to obtain 
evidence supporting or refuting the hypotheses that dingo control affected dingoes in a 
way that then facilitated mesopredator release and subsequent declines of wildlife (Glen et 
al. 2007a; Allen et al. 2013b). Such experiments were conducted and are described in 
Section 2.   
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SECTION 2 
 
Evidence of absence for dingo control-
induced trophic cascades 
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Chapter 10 – Introduction to Section 2 
The existence of trophic cascades in nature is well established, but the roles of top-
predators and/or top-predator control in initiating such cascades is not (Mech 2012; Allen 
et al. 2013b). The systematic review conducted in Section 1 demonstrated a chronic 
absence of reliable evidence for DC-ITC, but it did not provide evidence that DC-ITC do or 
do not occur; to do this required undertaking manipulative experiments with study designs 
capable of identifying cause and effect, using predator sampling strategies and analytical 
methods that are not confounded by the common errors made in most other studies to 
date. The results of such manipulative experiments are presented here in Section 2. 
Previous work had predicted that DC-ITC might occur through numerical and/or functional 
effects of baiting on dingoes (Johnson 2006; Letnic et al. 2012). Specifically, a trophic 
cascade might arise after dingo abundance has been reduced. Even marginal reductions 
of top-predators were believed to cause disproportionately large effects on mesopredators 
(Ritchie and Johnson 2009). Alternatively or additionally, a trophic cascade might also 
arise after dingo function has been altered, regardless of whether or not dingo abundances 
have been substantially reduced or not (Ritchie and Johnson 2009; Ritchie et al. 2012). 
Baiting-induced functional changes to dingo populations are likely to be reflected in dingo 
movement behaviours (potentially altering the ‘landscape of fear’; sensu Brown et al. 
1999) and/or dingo diets (potentially altering the species most strongly affected by dingo 
predation). Whether through these predicted numerical and/or functional effects, DC-ITC 
are expected to be manifest in lower trophic levels as increases in the activity or 
abundance of mesopredators (e.g. foxes or feral cats) and/or decreases in the activity or 
abundance of small and medium-sized mammals and other prey species (e.g. rodents or 
reptiles). 
The numerical effects of baiting on dingoes, mesopredators and other wildlife are 
investigated in Chapters 11 and 12. These chapters report the results of the largest 
predator manipulation experiment ever conducted in Australia, and the second largest in 
the world, including the only ‘classical experiment’ (sensu Hone 2007) ever conducted on 
dingoes. As such, these experiments permit the highest level of inference possible in open 
rangeland areas, more so than any other available study (Allen et al. 2013b). In these 
experiments, study sites were randomly divided into paired baited and unbaited treatment 
areas, and populations of predators and prey were systematically monitored regularly with 
passive tracking indices (PTI) for between two and five years. Chapter 11 focuses on 
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baiting responses of and interactions between predators in baited and unbaited areas 
(Allen et al. 2013a). Chapter 12 focuses on the responses of prey (and also predators) to 
baiting (Allen et al. 2014a).  
The functional effects of baiting on dingoes are investigated in Chapters 13 and 14. These 
chapters focus on how dingo movement behaviour and diet is affected by baiting. These 
experiments were conducted in conjunction with those described in Chapters 11 and 12, 
but only at a subset of study sites. Baiting-induced changes to dingo home range size and 
utilisation, dispersal patterns and road usage are described in Chapter 13 (Allen et al. 
2014b). An experimental comparison of dingo dietary diversity and similarity in paired 
baited and unbaited areas is provided in Chapter 14, which reports the results of the 
second-largest dingo diet study ever conducted (Allen and Leung 2014; see also Allen and 
Leung 2012).  
Section 2 therefore explores the functional effects of baiting on dingoes, and the numerical 
effects of baiting on dingoes, mesopredators and prey.
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Chapter 11 
Allen BL, Allen LR, Engeman RM, Leung LK-P (2013). Intraguild relationships between 
sympatric predators exposed to lethal control: predator manipulation experiments. 
Frontiers in Zoology 10:39. 
Introduction: Terrestrial top-predators are expected to regulate and stabilise food webs 
through their consumptive and non-consumptive effects on sympatric mesopredators and 
prey. The lethal control of top-predators has therefore been predicted to inhibit top-
predator function, generate the release of mesopredators and indirectly harm native fauna 
through trophic cascade effects. Understanding the outcomes of lethal control on 
interactions within terrestrial predator guilds is important for zoologists, conservation 
biologists and wildlife managers. However, few studies have the capacity to test these 
predictions experimentally, and no such studies have previously been conducted on the 
eclectic suite of native and exotic, mammalian and reptilian taxa we simultaneously 
assess. We conducted a series of landscape-scale, multi-year, manipulative experiments 
at nine sites spanning five ecosystem types across the Australian continental rangelands 
to investigate the responses of mesopredators (red foxes, feral cats and goannas) to 
contemporary poison-baiting programs intended to control top-predators (dingoes) for 
livestock protection. Result: Short-term behavioural releases of mesopredators were not 
apparent, and in almost all cases, the three mesopredators we assessed were in similar or 
greater abundance in unbaited areas relative to baited areas, with mesopredator 
abundance trends typically either uncorrelated or positively correlated with top-predator 
abundance trends over time. The exotic mammals and native reptile we assessed 
responded similarly (poorly) to top-predator population manipulation. This is because 
poison baits were taken by multiple target and non-target predators and top-predator 
populations quickly recovered to pre-control levels, thus reducing the overall impact of 
baiting on top-predators and averting a trophic cascade. Conclusions: These results are in 
accord with other predator manipulation experiments conducted worldwide, and suggest 
that Australian populations of native prey fauna at lower trophic levels are unlikely to be 
negatively affected by contemporary dingo control practices through the release of 
mesopredators. We conclude that contemporary lethal control practices used on some top-
predator populations do not produce the conditions required to generate positive 
responses from mesopredators. Functional relationships between sympatric terrestrial 
predators may not be altered by exposure to spatially and temporally sporadic application 
of non-selective lethal control. 
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Chapter 12 
Allen BL, Allen LR, Engeman RM, Leung LK-P (2014) Sympatric prey responses to lethal 
top-predator control: predator manipulation experiments. Frontiers in Zoology 11:56. 
Introduction: Many prey species around the world are suffering declines due to a variety of 
interacting causes such as land use change, climate change, invasive species and novel 
disease. Recent studies on the ecological roles of top-predators have suggested that lethal 
top-predator control by humans (typically undertaken to protect livestock or managed 
game from predation) is an indirect additional cause of prey declines through trophic 
cascade effects. Such studies have prompted calls to prohibit lethal top-predator control 
with the expectation that doing so will result in widespread benefits for biodiversity at all 
trophic levels. However, applied experiments investigating in situ responses of prey 
populations to contemporary top-predator management practices are few and none have 
previously been conducted on the eclectic suite of native and exotic mammalian, reptilian, 
avian and amphibian predator and prey taxa we simultaneously assess. We conducted a 
series of landscape-scale, multi-year, manipulative experiments at nine sites spanning five 
ecosystem types across the Australian continental rangelands to investigate the responses 
of sympatric prey populations to contemporary poison-baiting programs intended to control 
top-predators (dingoes) for livestock protection. Results: Prey populations were almost 
always in similar or greater abundances in baited areas. Short-term prey responses to 
baiting were seldom apparent. Longer-term prey population trends fluctuated 
independently of baiting for every prey species at all sites, and divergence or convergence 
of prey population trends occurred rarely. Top-predator population trends fluctuated 
independently of baiting in all cases, and never did diverge or converge. Mesopredator 
population trends likewise fluctuated independently of baiting in almost all cases, but did 
diverge or converge in a few instances. Conclusions: These results demonstrate that 
Australian populations of prey fauna at lower trophic levels are typically unaffected by top-
predator control because top-predator populations are not substantially affected by 
contemporary control practices, thus averting a trophic cascade. We conclude that 
alteration of current top-predator management practices is probably unnecessary for 
enhancing fauna recovery in the Australian rangelands. More generally, our results 
suggest that theoretical and observational studies advancing the idea that lethal control of 
top-predators induces trophic cascades may not be as universal as previously supposed. 
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Chapter 13 
Allen BL, Engeman RM, Leung LK-P (2013) The short-term effects of a routine poisoning 
campaign on the movement behaviour and detectability of a social top-predator. 
Environmental Science and Pollution Research 21, pp. 2178–2190. 
Top-predators can be important components of resilient ecosystems, but they are still 
controlled in many places to mitigate a variety of economic, environmental and/or social 
impacts. Lethal control is often achieved through the broad-scale application of poisoned 
baits. Understanding the direct and indirect effects of such lethal control on subsequent 
movements and behaviour of survivors is an important pre-requisite for interpreting the 
efficacy and ecological outcomes of top-predator control. In this study, we use GPS 
tracking collars to investigate the fine-scale and short-term movements of dingoes (Canis 
lupus dingo and other wild dogs) in response to a routine poison-baiting program as an 
example of how a common, social top-predator can respond (behaviourally) to moderate 
levels of population reduction. We found no consistent control-induced differences in home 
range size or location, daily distance travelled, speed of travel, temporal activity patterns or 
road/trail usage for the seven surviving dingoes we monitored immediately before and 
after a typical lethal control event. These data suggest that the spatial behaviour of 
surviving dingoes was not altered in ways likely to affect their detectability, and if control-
induced changes in dingoes' ecological function did occur, these may not be related to 
altered spatial behaviour or movement patterns. 
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Chapter 14 
Allen BL, Leung LK-P (2014) The (non)effects of lethal control on the diet of Australian 
dingoes. PLOS ONE 9:e108251 
Top-predators contribute to ecosystem resilience, yet individuals or populations are often 
subject to lethal control to protect livestock, managed game or humans from predation. 
Such management actions sometimes attract concern that lethal control might affect top-
predator function in ways ultimately detrimental to biodiversity conservation. The primary 
function of a predator is predation, which is often investigated by assessing their diet. We 
therefore use data on prey remains found in 4,298 Australian dingo scats systematically 
collected from three arid sites over a four year period to experimentally assess the effects 
of repeated broad-scale poison-baiting programs on dingo diet. Indices of dingo dietary 
diversity and similarity were either identical or near-identical in baited and adjacent 
unbaited treatment areas in each case, demonstrating no control-induced change to dingo 
diets. Associated studies on dingoes’ movement behaviour and interactions with sympatric 
mesopredators were similarly unaffected by poison-baiting. These results indicate that 
mid-sized top-predators with flexible and generalist diets (such as dingoes) may be 
resilient to ongoing and moderate levels of population control without substantial alteration 
of their diets and other related aspects of their ecological function. 
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Chapter 15 – Summary of Section 2 
Section 2 presented a series of chapters describing the functional effects of baiting on 
dingoes, and the numerical effects of baiting on dingoes, mesopredators and prey. Dingo 
baiting occurs across about two-thirds of Australia (Allen et al. 2015). Volumes of previous 
research have shown that poisoned-baits kill dingoes (summarised in Fleming et al. 2001). 
However, few studies have experimentally assessed the functional and lasting numerical 
effects of routine baiting programs on their populations, and the cascading effects these 
may have on populations of other fauna.  
The experimental studies discussed in Section 2 were necessary for three reasons. First, 
few manipulative experiments had previously been conducted (Allen et al. 2013b), and 
only manipulative experiments have the inferential capacity to assess baiting as a potential 
cause of change to mesopredator and prey populations through trophic cascade effects. 
Secondly, there was growing sentiment from some sectors of the community that the 
prohibition of baiting was essential for the recovery of threatened fauna (e.g. Carwardine 
et al. 2011), despite the fact that no studies have actually demonstrated a causal link 
between dingo baiting and fauna decline (Allen et al. 2013b; Allen et al. 2014c). Thirdly, 
poison baiting is the only broad-scale control tool used in rangeland areas to protect beef 
cattle from dingo predation (Fleming et al. 2001; Glen et al. 2007b; APVMA 2008), and its 
ongoing use was being mooted as an environmentally reckless practice. Previous 
correlative studies and public discourse had therefore built a strong case for conducting 
the manipulative experiments that were needed to test these claims. 
My investigation of these issues indicated that dingoes typically have neutral or positive 
relationships with foxes, cats and goannas (Varanus spp.) over time, in both baited and 
unbaited areas (Allen et al. 2013a). Moreover, populations of almost all predator and prey 
species, including dingoes, fluctuated independently of baiting over time in almost all 
cases (Allen et al. 2014a). The movement behaviours of dingoes exposed (but not 
succumbing) to baiting were not changed in ways consistent with the view that baiting 
initiates trophic cascades through alteration of dingo movements, or changes to the 
landscape of fear (Allen et al. 2014b). Furthermore, dingo diet and prey selection was 
either identical or near-identical between baited and unbaited areas at each site where this 
was assessed (Allen and Leung 2014). These results demonstrate that DC-ITC did not 
occur at our study sites during the course of our experiments, which replicate the spatial 
and temporal scales at which dingo control typically occurs in the rangelands. These 
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results probably occurred because dingo populations were not reduced to levels low 
enough for long enough by contemporary baiting practices, thus averting a trophic 
cascade (Allen et al. 2013a; Allen et al. 2014a). 
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Chapter 16 – General conclusions, implications and future directions 
The comprehensive and systematic literature review in Section 1 and the experimental 
empirical work described in Section 2 demonstrate both an absence of evidence and 
evidence of absence for dingo control-induced trophic cascades. The results of Section 1 
mean claims that strong evidence exists for dingo control-induced mesopredator release 
or dingo control-induced trophic cascades are unsubstantiated and unjustifiable. As some 
of the highest-level inference experimental work ever conducted on the subject (Allen et al. 
2013b), the results described in Section 2 further provide compelling, demonstrable 
evidence that contemporary dingo control practices do not release mesopredators or 
initiate trophic cascades in Australian cattle rangelands, consistent with the results of all 
other manipulative experiments addressing this issue. In essence, Section 2 demonstrates 
that spatially and temporally sporadic removal of relatively few dingoes has little lasting 
effect on overall dingo abundance or function – at least for the ecosystems and control 
practices thus far examined. 
It would be erroneous to conclude that these results somehow contradict mesopredator 
release or trophic cascade theory – they do not. Indeed, the results are in complete 
harmony with these theories. Top-predator control-induced trophic cascades would only be 
expected to occur where lethal control actually had some lasting numerical or functional 
effect on top-predators, as was the case with the complete extirpation and subsequent 
restoration of wolves to much of North America (Ripple and Beschta 2012). But this is not 
the case with dingoes, which occur across ~85% of Australia and are naturally recovering 
in the remaining 15% of the continent where they were historically eradicated to enable 
sheep (Ovis aries) and goat (Capra hircus) production (Allen and West 2013). Ignoring the 
genetic changes associated with the post-European introgression of domestic dog genes 
into the pure dingo population, Australian dingo populations are burgeoning, and there are 
likely more dingoes now than at any other time in Australia’s ecological history (Allen et al. 
2011b). Contemporary dingo control practices are not constraining the natural expansion 
of dingo populations. Thus, the relevant applied-science question to ask is not ‘would 
trophic cascades occur if dingoes were extirpated?’, but ‘do trophic cascades occur when 
dingoes are controlled in the way people currently control them?’ (Allen et al. 2012). 
Section 2 shows that the answer to that question is a convincing ‘no’, because dingo 
numbers or function was not diminished in any lasting way by contemporary baiting 
practices (Allen et al. 2014a). Dingoes might still exhibit some of the ecosystem-structuring 
roles attributed to them. However, contemporary baiting practices over much of Australia 
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do not appear to affect those roles because baiting only removes low to moderate 
numbers of dingoes for relatively short periods of time in selected areas.  
These results broaden our understanding of the effects of lethal control by humans on top-
predators, and have significant implications for the management of dingoes and 
threatened fauna in Australia. Some have proposed that dingo control harms threatened 
fauna through trophic cascade effects, and that the positive management of dingoes is 
essential and will have widespread benefits for faunal biodiversity (e.g. Johnson 2006; 
Letnic et al. 2013; Ripple et al. 2014). This view is generally unsupported by the results in 
this thesis. Current dingo control practices for livestock protection appear compatible with 
biodiversity conservation in the rangelands (Allen et al. 2014a), and alteration of current 
baiting practices cannot presently be justified on grounds that doing so will affect 
threatened fauna populations (Glen 2012). This is ‘good news’ for those who choose to 
bait dingoes. However, the results of these experiments also imply that the routine baiting 
of dingoes cannot be justified on grounds that doing so suppresses dingo populations, 
when it clearly does not. This raises an ethical issue, whereby baiting may just be 
wastefully killing dingoes for no obvious reason (Allen et al. 2014a). This is ‘bad news’ for 
those who choose to bait dingoes. Resolving this dilemma requires a greater focus on 
dingo impact reduction or risk mitigation.  
The results of this thesis highlight four important and related issues requiring further 
investigation. 
First, there is an urgent and indispensable need to further quantify the effects of baiting on 
calf production (Allen 2014). Baiting dingoes might only be ethically justified when baiting 
is shown to reduce calf losses, increase herd performance, increase beef production 
revenues, reduce the risk of predation events, or reduce other undesirable impacts of 
dingoes. Numerous independent studies on the reproductive performance of beef cattle 
have described dingo predation as a relatively minor and infrequent cause of calf loss (e.g. 
Burns et al. 2010), consistent with producer estimates of 1–7% of calves killed by dingoes 
annually (Hewitt 2009). However, dingoes can and certainly do occasionally kill large 
numbers of calves, which can be as high as 32% of calves at times, causing substantial 
economic loss to beef producers (Fleming et al. 2012b; Allen 2014). The few studies to 
investigate the effects of dingo baiting on calf losses have reported mixed results; baiting 
can sometimes increase calf losses, reduce calf losses as expected, or have no influence 
on calf losses at all (Fleming et al. 2012b; Allen 2015). Complex interactions between prey 
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availability and mammal assemblage appear to drive these outcomes. Future research 
should seek to identify drivers or triggers of calf predation events in different contexts, and 
provide decision-support tools that assist land managers in deciding when and/or where to 
bait dingoes to optimize calf production (Fleming et al. 2012b; Wicks and Allen 2012). 
Second, there is also a need to identify thresholds of dingo suppression, beyond which, 
dingoes are no longer able to perform their ecological roles (Allen et al. 2014b). “It is likely 
that the interactions of top predators only become ecologically effective above [or 
ineffective below] a certain threshold population density” (Letnic et al. 2011b, pg. 351), but 
we do not yet know what that low-point is. How far do dingoes have to be suppressed 
before mesopredators are released and trophic cascades are initiated? We did not identify 
these thresholds in our experiments, but we did show that contemporary dingo control 
practices do not exceed these thresholds (Allen et al. 2014a). Identifying them remains 
important for establishing environmentally acceptable limits to dingo control in the future 
(Letnic et al. 2011b), although this is likely to be incredibly difficult to do given the scale 
and resources required. 
Third, there is a pressing need to better understand the net effects of contemporary dingo 
control on both calf production and threatened fauna populations. As a highly interactive 
species, dingoes have positive, negative and neutral effects on economic, environmental 
and social values, which can change from time to time and place to place (Fleming et al. 
2012a). For example, dingoes may kill calves on the one hand, but may also suppress 
competitors of calves (e.g. macropods) on the other hand (Allen 2015). So far as dingoes 
can suppress calf competitors, the value of dingo control will ultimately be a trade-off 
between reducing calf predation and increasing calf competition for pasture with other 
herbivores (Wicks and Allen 2012). Top-predators could benefit livestock producers by 
suppressing livestock competitors when predators exert stronger effects on livestock 
competitors than they do on livestock (Allen 2015). For threatened fauna, dingoes may kill 
foxes and feral cats on the one hand, but dingoes may likewise suppress the same fauna 
threatened by foxes and feral cats on the other hand. Dingoes may well be shown in some 
future study to suppress these mesopredators to some degree (Allen et al. 2015), but will 
dingoes suppress them enough to generate threatened fauna recovery while also 
contributing to fauna decline themselves (Hayward 2012)? The environmental value of 
positively managing dingoes will ultimately be a trade-off between a possible reduction in 
mesopredator impacts and an increase in dingo impacts (Allen and Fleming 2012). 
Dingoes present legitimate and often overlooked risks to many threatened fauna, and 
159 
 
likely contributed to the threatened status of many native species in the first place (Corbett 
2001; Allen 2011). Future research should therefore seek to identify the net effects of 
baiting on calf production and threatened fauna recovery. 
Fourth, there is also an urgent need to define and reach consensus on dingo conservation 
and management goals (Fleming et al. 2012a). One of the underlying reasons given for 
opposition to lethal dingo control is the view that dingoes themselves are a threatened 
taxon, and therefore require preservation (Crowther et al. 2014). This view hinges on the 
taxonomic and functional definition of a dingo. Genetically pure dingoes are indeed 
threatened, primarily by hybridisation with free-roaming or wild-living feral domestic dogs 
and dingo-dog hybrids (Elledge et al. 2006; Corbett 2008; Glen 2010; Stephens 2011). To 
some, genetically pure dingoes are worth protecting, while hybrids are not. Managing 
dingoes to protect purebreds will require the lethal removal of hybrids, which occur across 
much of Australia (Stephens 2011). To others, both pure and hybrid dingoes are 
ecologically valuable, and management should focus on retaining their ecological roles 
regardless of their genetics (Purcell 2010). In other situations, such as eco-tourism 
contexts, neither genetics nor function may be as important as phenotype; if it looks like 
what the lay public perceive to be a dingo, then that is sufficient to warrant its protection. 
Managing dingoes for this goal will require removal of undesirable-looking animals, 
regardless of their genetic identity or ecological function. Other reasons to oppose baiting 
might also exist. Unfortunately, most dingo discourses deteriorate into unresolvable, 
recycled, circular, opinion-fuelled and value-laden debates about whether or not dingoes 
are native, the ethics of dingo control, the ecological roles of dingoes, the conservation 
status of purebreds, or the ecological differences or similarities between pure dingoes and 
hybrids. One thing that is certain is that the dingo is an animal that needs active and 
thoughtful management; they cannot be passively left to their own devices given that they 
are a strongly interactive species of economic and conservation interest. But before 
effective management can be implemented, the problems must first be defined and the 
goals must be identified (Fleming et al. 2012a). These same debates about the merits (or 
otherwise) of dingo control in the beef-cattle rangelands have occurred for over 100 years 
(e.g. Holder et al. 1893; Payne et al. 1930), and will probably occur for another 100 years 
unless the taxonomic and functional definition of dingoes can be resolved and dingo 
conservation and management goals can be more clearly articulated. 
Making progress on these four subjects will require long-term commitment to well-funded 
and applied experimental research. Objective, critical thinking will also be essential when 
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designing research projects and evaluating new studies addressing these important 
subjects. This will be incredibly challenging in the current eco-political and economic 
climate, but the future of livestock production, dingoes and many threatened fauna may 
depend on it, at least in part.  
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